Abstract. Transmissible gastroenteritis (TGE) and porcine epidemic diarrhea (PED) are highly contagious enteric diseases of piglets. The clinical signs of these diseases are very similar and include watery, yellowish diarrhea. Thus, the effective differential detection of TGE virus and PED virus is required. In the present study, a duplex reverse transcription-polymerase chain reaction (RT-PCR) was established for the differential detection of TGE and PED viruses. The primers were designed for the S gene of each virus. RNA was extracted from the intestines and stool samples that were collected from the swine with diarrhea. The RT-PCR test could detect both TGE and PED viruses with 2 TCID 50 /200 l. Among 90 clinical samples, 7 TGE viruses and 2 PED viruses were detected by the duplex RT-PCR. This duplex RT-PCR may be a useful diagnostic method for the rapid, specific, and sensitive differential detection of TGE and PED viruses using clinical samples.
Transmissible gastroenteritis virus (TGEV) and porcine epidemic diarrhea virus (PEDV) belong to the Coronaviridae family and have a large, single-stranded, positive-sense RNA genome. These viruses are important causes of enteric disease in swine and replicate in the differentiated enterocytes covering the villi of the small intestine and lead to villous atrophy and malabsorption. 3, 16 Clinical signs of TGE (transmissible gastroenteritis) and PED (porcine epidemic diarrhea) are most severe during the first 2 weeks of life and include severe diarrhea, dehydration, high mortality, and morbidity. Although swine of all ages are susceptible to these viral infections, the mortality in swine over 5 weeks of age is low. Transmissible gastroenteritis has been reported in most countries worldwide, and PED has been isolated in most swine-raising countries in Europe and in China, Korea, and Japan. Economic losses from these diseases are serious every winter in these countries. 18, 20 At present, many techniques are used for the detection of TGEV and PEDV. For TGEV, fluorescent antibody tests (FAT), 19, 22 antigen ELISA 2 the immunoperoxidase technique using monoclonal antibodies, 23 negative staining electron microscopy (EM), and virus isolation have been used. Also, nucleic acid hybridization 22 and reverse transcription-polymerase chain reaction (RT-PCR) 17 have been developed to detect the 10, 13 have been developed and used for the detection of the virus. But the immunologic techniques listed above are rather time consuming and are low in sensitivity and specificity. Previously developed RT-PCR tests for TGEV and PEDV have been established for the individual viruses. Therefore, rapid differential detection of TGEV and PEDV is important because the diseases are highly contagious and the clinical signs are very similar to each other. The present study was aimed at developing a duplex RT-PCR method for the detection and differentiation of TGEV/PEDV by a single reaction, resulting in considerable savings of both time and effort.
The TGEV, Pyungtak-40 strain, and PEDV, P-5V strain, were used in this study. The TGEV was propagated in swine testis (ST) cells with MEM buffered with 20 mM HEPES and 0.2% (w/v) sodium bicarbonate, supplemented with 3% fetal bovine serum, antibiotics, and L-glutamine. The PEDV was propagated in Vero cells grown in alpha-MEM supplemented with 0.02% yeast extract, 0.3% tryptose phosphate broth, and 2 g of trypsin as described previously. 12 Noninfected ST cells and Vero cells were used also as negative controls. The RNA was extracted from cell lysates when cytopathic effect (CPE) was shown in 70% of each cell monolayer.
Intestine and stool specimens were collected from swine with diarrhea that occurred naturally. The intestine samples were homogenized and made into 50% suspensions by adding phosphate-buffered saline (PBS; 0.1 M, pH 7.2). The stool sample was diluted 1:10 in PBS, vortexed, and clarified by centrifugation for 10 minutes at 4,800 ϫ g to eliminate large fecal debris. 9 The homogenized intestine-sample solutions and clarified supernatant of stool samples were forzen at Ϫ70 C until use.
TRIzol a was used for RNA extraction according to the manufacture's recommendations. 1, 9 For virus-infected or uninfected cell monolayers, cells were lysed directly in a culture flask by adding 1 ml of TRIzol reagent per 10 cm 2 of cell monolayer area. For clinical samples, 500 l of TRIzol reagent was mixed with 200 l of homogenized intestine sample solution or with 500 l of clarified supernatant of stool samples. Then 300 l of chloroform was added and the suspension was centrifuged 10 minutes at 12,000 ϫ g. The RNAcontaining aqueous phase was precipitated with isopropanol of the same volume, maintained at Ϫ70 C for 2 hours, and centrifuged 10 minutes at 12,000 ϫ g. The RNA pellet was washed with 1 ml of 75% ethanol, centrifuged 10 minutes at 12,000 ϫ g, and dried, followed by resuspension in 30 l of diethylpyrocarbonate (DEPC)-treated deionized water.
Two primer pairs were designed with specificity for the spike protein coding regions of the RNAs. The design was based on the information from published results [4] [5] [6] 14, 25 and the NCBI Genebank database. Primers b were commercially synthesized. The locations, sequences, and PCR product sizes of the primers are given in Table 1 .
Reverse transcription was carried out using the reverse primers, T2 and P2, for each virus. The mixture of reverse primers and 6 l of resuspended RNA solution was denaturated by heating at 95 C and was immediately placed on ice. The remaining reagents, which were 5 l of 5ϫ first strand buffer (50 mM tris HCl, 75 mM KCl, 3 mM MgCl), 10 mM DTT, 25 pmol of T2 primer, 20 pmol of P2 primer, and 0.3 mM each of dNTP and 100 units of M-MLV reverse transcriptase in a final volume of 25 l, were added. The mixture was incubated at 37 C for 60 minutes, and the reaction was stopped by heating to 95 C for 2-3 minutes. The cDNA was either stored at Ϫ20 C or amplified immediately.
The amplification was carried out with a commercial amplification system c . The PCR conditions were optimized. Optimal results (maximum band intensity and minimal background nonspecific staining) were obtained with 3 mM MgCl 2 , 0.3 mM each of dNTP, 20 pmol each of T1 and T2, and 10 pmol each of P1 and P2 for PCR. The 3 l of cDNA were made up to a reaction volume of 25 l containing final concentrations of 10ϫ PCR buffer (10 mM Tris-HCl, 50 mM KCl, 0.1% Triton X-100), 3 mM of MgCl 2 , 0.3 mM each of dNTP, 20 pmol each of T1 and T2, 10 pmol each of P1 and P2, and 2 units of Taq DNA polymerase. Samples were amplified using a program that included incubation at 94 C for 5 minutes followed by 5 cycles of denaturation at 94 C for 30 second, annealing at 55 C for 30 second, and extension at 72 C for 30 second and 30 cycles of denaturation at 94 C for 30 second, annealing at 53 C for 30 second, and extension at 72 C for 30 second, adding 1 second every cycle. At the completion of cycling, samples were kept at 72 C for 7 minutes and then cooled. The PCR products were analyzed by electrophoresis in 1.5% agarose gel containing ethidium bromide.
In order to determine the sensitivity of the RT-PCR, the TGEV, PyungTak-40 strain (10 4.0 TCID 50 /ml), and PEDV, P-5V strain (10 4.0 TCID 50 /ml), were serially diluted in MEM and tested for amplification by the duplex RT-PCR. Two hundred microliters of the dilution of the viral suspension were added to 200 l of homogenized intestine containing stool that was negative for TGEV and PEDV. These preparations were then extracted and assayed as described above. In the sensitivity test of duplex RT-PCR for the TGEV or PEDV infection, only 1 viral suspension was added in the homogenized intestine solution. And in the sensitivity test for duplex RT-PCR for the mixed infection of TGEV and PEDV, suspensions of both TGEV and PEDV were added in the homogenized intestine solution. All 2 primer pairs were added in both sensitivity tests.
The primers amplified the product of the expected sizes, 859 and 651 bp from TGEV and PEDV, respectively, which could be easily distinguished by agarose gel electrophoresis (Fig. 1) . No signal was detected with the negative controls and there was no cross-amplification. To analyze the specificity of this duplex RT-PCR, the reaction was performed with the following agents: PEDV, TGEV, rota virus, and bovine viral diarrhea virus. With the exception of PEDV and TGEV, no PCR product was detected with these viruses (data not shown).
To analyze the sensitivity of the duplex RT-PCR to amplify virus RNA from the small intestine, serial 10fold dilutions of cultivated TGEV and PEDV were added in TGEV-and PEDV-negative small-intestine homogenates and were tested with duplex RT-PCR.
In the duplex RT-PCR for TGEV and PEDV, both TGEV and PEDV were detected to a concentration of 10 1 TCID 50 /ml with no cross-amplification (Fig. 2) . And for the mixture of TGEV and PEDV, both viruses were detected to 10 2 TCID 50 /ml. At the level of 10 1 TCID 50 /ml, only PEDV was detected (Fig. 3) .
When the duplex RT-PCR was tested with 90 clinical samples (89 intestine and 1 stool samples) collected from pigs during outbreaks of the diarrheal disease, TGEV was detected in 7 intestine specimens and PEDV was detected in 2 intestine specimens. The mixed infection of TGEV and PEDV was not detected (Fig. 4) . To evaluate the usefulness of the duplex RT-PCR for detecting TGEV and PEDV, the virus isolation was performed with the same samples. Among the 7 TGEV-positive samples, 2 were culture-negative. The PEDV was not detected until the second passage. The remaining specimens were all culture-negative (data not shown).
Currently, an etiologic diagnosis can be made in the laboratory by detection of TGEV and PEDV. The FA test, antigen ELISA, and streptavidin-biotin (SAB) techniques have been used for detection of the viruses. However, these techniques are rather cumbersome and time consuming. There are also several published RT-PCR protocols for detecting the RNAs of TGEV and PEDV. 10, 13, 17 These former techniques and latter RT-PCR methods can detect each of the viruses TGEV and PEDV. So, in this study, the duplex RT-PCR for rapid differential detection of TGEV and PEDV was established with a single PCR reaction. Thus, this duplex RT-PCR may be helpful by saving time, effort, and expense for differential detection of TGEV and PEDV.
A similar study has been published by Kim et al. 11 The article also describes the development of a multiplex RT-PCR assay for the detection and differenti- ation of PEDV and TGEV. Compared with the current study, the targeted genes for amplification differed. In the study of Kim et al., primers for TGEV were designed with the nucleocapsid (N) gene of TGEV and primers for PEDV were designed with the membrane (M) gene of PEDV. In this RT-PCR, primers were designed with the S gene of TGEV and PEDV associated with tissue tropism and the induction of neutralizing antibodies. 8 At first, the establishment of this RT-PCR method was aimed at differentiation of TGEV, porcine respiratory coronavirus (PRCV), and PEDV by a single RT-PCR reaction. The PRCV, a variant respiratory form of TGEV, has a deletion of between 672 and 681 nucleotides near the 5Ј end of the S gene, resulting in the loss of some antigenic sites on the S protein. 15 So the primers for TGEV were designed including the deletion region, leading to differentiation of TGEV and PRCV by the difference of the PCR product size. 17 The sequence design of primers is the factor governing the sensitivity and specificity of PCR assays. 7, 21 Two primer pairs were selected with the aid of a computer program d and the GeneBank nucleotide sequence and related published papers. 4, 5, 14, 25 Many possible combinations of primer pairs were exhaustively analyzed, resulting in a choice of primer pairs that were conserved for strains of each virus and that were specific for each other. This assay was found to be specific to TGEV and PEDV because the primers gave rise to amplified 859-and 651-bp fragments only with TGEV and PEDV, respectively. Further, no PCR product was detected from other enteric viruses such as, rotavirus and bovine viral diarrhea virus (data not shown).
In multiplex RT-PCR, difficulties arise as more primers are added to a reaction. The most important modifications in optimizing multiplex PCR are the annealing temperature, the amount of enzyme, and the polymerase extension time. Also, the optimization of the dNTP concentration, the antisense primer ratios of the virus, and the RNA template concentration are important factors at the reverse transcription (RT) stage. 24 So these factors were optimized to enhance the sensitivity of this duplex RT-PCR. Consequently, this duplex RT-PCR has shown high sensitivity because each virus was detected from clinical samples containing 10 1 TCID 50 /ml (Fig. 2) . This result of the sensitivity test was similar to the result of the RT-PCR method of Kim et al. 11 In mixed infections, this assay could detect both viruses at the concentration of 10 2 TCID 50 / ml (Fig. 3) .
Clinical samples were collected from piglets during an oubreak of diarrhea suspected to being caused by a virus. When this duplex RT-PCR was applied in clinical specimens, TGEV was detected in 7 intestine specimens and PEDV was detected in 2 intestine spec-imens. Among the 7 TGEV-positive samples, 5 samples were culture-positive for TGEV. No PEDV was detected until the second passage. The remaining specimens were all culture-negative for TGEV and PEDV. None of the bacterial agents of diarrhea in piglets (e.g., Escherichia coli, Clostridium spp.) were detected in the 9 clinical samples that were TGEV-or PEDV-positive by RT-PCR.
The fresh specimens collected during the early stages of the diseases were the most suitable for our duplex RT-PCR assay. Reduced sensitivity of PCR and, occasionally, false-negative assays can result from poor-quality specimen (e.g., extremely autolysed tissues or those stored at room temperature for prolonged periods).
It is difficult to comment on whether the duplex RT-PCR is more sensitive than conventional virologic techniques because only the virus isolation was performed on the same specimens in this study. But in the diagnostic laboratory, this duplex RT-PCR may have many advantages. It is very rapid, with results available within 12 hours. And the development of this duplex RT-PCR allows for quicker and more convenient diagnoses than the use of 2 single reactions. These are important because these diseases are highly contagious and the clinical signs are very similar to each other, so rapid and accurate diagnosis is necessary.
In conclusion, the results of this study show that the duplex RT-PCR assay is able to detect PEDV and TGEV from clinical samples containing 10 1 TCID 50 / ml within 12 hrs and is useful for practical applications. Therefore, this duplex RT-PCR may be a useful diagnostic method for rapid, specific, and sensitive differential detection of TGEV and PEDV using clinical samples.
